Abstract. We report millimetre-wave and magnetic measurements on single crystals of the high-spin molecular magnet, Cr 10 (OMe) 20 (O 2 CCMe 3 ) 10 . The susceptibility data obtained using a SQUID magnetometer indicate that this molecule has a total spin of S = 15. The temperature dependence of the magnetisation allows us to estimate the intermolecular exchange constant. The EPR spectra were obtained at different frequencies, angles and temperatures. The results are compared with numerical simulations allowing determination of the Hamiltonian parameters.
Single molecule magnets (SMM's) are of great interest because they provide prospects for future magnetic devices with increased information storage density [1] . A single molecule magnet has a large-spin ground state with appreciable negative magnetic anisotropy (Ising type), resulting in an energy barrier (DS 2 z ) for the reversal of the direction of the magnetisation. In this paper, we present the results of electron paramagnetic resonance (EPR) studies to be conducted on Cr 10 (OMe) 20 (O 2 CCMe 3 ) 10 single crystals, demonstrating that it behaves as an SMM. EPR provides a powerful method to determine the spin and also the zero-field splitting, D, i.e. the separation of multiplet sub-levels in the absence of an external magnetic field. All measurements were carried out using a resonant cavity perturbation technique in combination with a broadband millimetre-wave vector network analyser (MVNA) [2] exhibiting an exceptionally good signal-to-noise ratio.
To the lowest order, one can describe the spin of a single molecule magnet by the spin Hamilto-
where D is the zero-field splitting parameter and the z-axis lies along the easy (hard) axis if D < 0 (D > 0). If we are working at a sufficiently high field, the zero-field splitting term in the Hamiltonian, written as DS 2 z in the simplest case, may be considered as a perturbation. We see that there will be a change in the EPR spectra depending on the orientation of the sample in the magnetic field. In the case of B||z, if D > 0, the first transition in field corresponds to the transition between highest S z projections. On the other hand, the first transition in field for the B||x case corresponds to the transition between the lowest levels, namely from the −S th to the −(S − 1)th level. If D < 0, the situation is reversed. Furthermore, the spacing between the transitions in the B||x case is
, half that in the case of B||z [3] . Magnetisation studies (Fig. 1) indicate that the Cr 10 (OMe) 20 (O 2 CCMe 3 ) 10 molecule exhibits ferromagnetic behaviour. If we assume that a single J (the coupling constant) value can model all the nearest neighbour Cr...Cr intermolecular interactions then the total spin S of the cluster must equal 15 in the ground state if J is ferromagnetic. Density functional theory (DFT) calculations also support this picture [4] . Fig. 2 (a) and (b) show EPR spectra taken at different orientations. At extremely low temperatures, we would expect only EPR transitions from the ground state to the next energy state to be possible owing to the Boltzmann depopulation of the higher excited states. However, as the temperature increases, the ground state transition slowly disappears and higher transitions appear. From Fig. 1(b) , we see that the first transition at 1.4 K, at B = 1.610 Tesla decreases in intensity as temperature increases and transitions higher in field become predominant by 5 K. Similarly, in Fig. 1(a) we see that it is the transition highest in field at B = 2.74 T which disappears with increasing temperature. The spacings between the transitions in Fig. 1(b) are about 0.06 Tesla (the transitions are especially clear for T = 5 K) , while the spacing in Fig. 1(a) is about 0.03 Tesla. Based on these results, we conclude B||x as the orientation in Fig. 1(a) , and Fig. 1(b) for B||z when the zero-field splitting is negative. Thus we conclude that D < 0, and this is an SMM.
JOURNAL DE PHYSIQUE IV
From the spacings between the transitions, we calculate the zero-field splitting to be ∼ 0.04 K. Using a value of g = 2, simulations of the EPR spectra agree well with the experimental data.
Experiments using a rectangular cavity provide evidence for an azimuthal dependence, indicating that there may also be a transverse term E(S 2 x − S 2 y ) in the Hamiltonian.
